In this study, pure silver (Ag) thin film of 8 nm was deposited onto glass substrate by using radio frequency (RF) sputtering technique and was then exposed to microwave assisted oxygen plasma generated by microwave plasma CVD. The oxidation of Ag into AgO thin film was studied using varying microwave power. The influence of microwave power on morphology and size of oxide film was investigated. The crystal structure, crystal size, chemical composition, morphologies and optical properties of oxidised silver thin film (AgO) was characterised by using x-ray powder diffraction (XRD), field emission scanning electron microscopy (FESEM), Raman spectroscopy and UV-vis spectroscopy. Morphological characterisation of these films reveals a systematic change from metallic silver (Ag) to silver oxide (AgO). The size of AgO thin film was calculated using Scherrer equation and was observed to be 11 nm, 12 nm and 13.5 nm at 400 W, 800 W and 1200 W respectively. A considerable change in UV-vis spectra was observed with increase in annealing temperature.
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Introduction
In recent years, the technology of making thin film has become more and more attractive for the researchers and scientists due to its unique semiconducting, metallic, insulating or optical properties which find application in industry, space, science, medical science and technology, etc. Generally thin films of metal and metal-oxide nanoparticles are found to be highly promising in paints industry, electronic circuitry and biotechnology, which require a uniform size nanoparticles distribution. There are various methods and techniques for the synthesis of thin film such as physical vapour deposition (PVD), chemical vapour deposition (CVD) and electro-chemical deposition (ECD) (Li et al., 2014; Xia et al., 2009; Nghiem and Bellac, 2009; Ghosh and Chattopadhyay, 2008) . It is well known that the microwave-assisted method is a rapid, energy-saving and promising route for the synthesis of functional nanomaterials. Microwaves have proven its role particularly in the synthesis of metal and metal oxide nanoparticles (Ghosh and Chattopadhyay, 2008; Horikoshi and Serpone, 2013) . Microwave is an electromagnetic wave which falls in between the infrared radiation and radiowave with the frequency varying from 300 MHz to 300 GHz and the wavelength in the range of 1 m to 1 mm in electromagnetic spectrum. It has been found that the synthesis with microwave enhances structural, morphological, mechanical and tribological properties (Ouerfelli et al., 2009 ). Processing of materials by microwave method is basically different in terms of heat mechanism. The heat is generated within the sample itself by the interaction of microwaves with the material in microwave oven, whereas in conventional heating, fast heat is generated by heating elements and then heat is transferred to the sample surfaces by the process of conduction or convection or both. The heat produced by the method of interaction of microwave with materials is very energy efficient and eco-friendly (Wang et al., 2001; Rao et al., 1999) . Under the electromagnetic field, the particles of materials undergo polarisation such as electron polarisation, atom polarisation, orientation polarisation and space charge polarisation. The microwave-assisted method significantly shortens the preparation time in a closed reaction system (Meléndrez et al., 2016; Faraji and Ani, 2014) .
AgO and Silver oxide (I) Ag 2 O is an intrinsic p-type semiconductor with a band gap of 1.46 eV, which serves as an essential material in antibacterial (Wang et al., 2010) , photo catalysis (Sarkar et al., 2013) , silver-oxide batteries (Dallek et al., 1986 ) and gas sensing Sondi and Sondi, 2004) applications. They can inhibit the growth of various microorganisms, including bacteria (Le et al., 2010; Thati et al., 2007) , moulds (Tien et al., 2008) , yeasts (Yuranova et al., 2006) , fungi (Betbeze et al., 2006; Panacek et al., 2009 ) and viruses (Kathiravan et al., 2009; Elechiguerra et al., 2005) . Occurrence of silver oxide in its different states such as AgO, Ag 2 O and Ag 2 O 2 , is more promising in electrochemical capacitor (EC) applications because of its high conductive nature as compared to other transition metal oxides. These electrochemical capacitors applications of silver oxide make it strong candidate in the field of electrode materials. The nanostructured silver oxides have opened the door of the employments which alternately will effect on the development of high voltage electrochemical super capacitors and optimising their energy storage and power capability. From the scientific point of view as well as current figure interest in high performance super capacitors, silver oxide can prove itself as a potential candidate (Mirzaeian et al., 2016) .
In this work, AgO thin-films of 8 nm was deposited onto glass substrate by using radio frequency (RF) sputtering technique exposed to microwave assisted oxygen plasma generated by microwave plasma CVD. The deposition of films takes place at three different microwave power (400, 800 and 1,200 W). The deposited thin-films were characterised by studying morphological and optical properties using XRD, Raman spectrometer, SEM and UV-Vis spectrometer. The objective of this article is to evaluate the influence of microwave power on the morphological and optical properties of the grown thin films.
Experimental details

Synthesis
Pure silver (Ag) thin films were deposited on glass slides using Rf sputtering technique. Before deposition of pure thin film, glass slides were cleaned using acetone and deionised water and then dried under nitrogen gas. High purity Ag (3 × 0.6 inch) target (99.99%) was used for the sample preparation. After sample preparation, pure Ag thin films were oxidised by using microwave based plasma deposition unit (HPMS-2020 microwave plasma CVD equipment) connected with (HMG-2020S) 2KW microwave power source (Brik et al., 2003) . Pure Ag thin films on glass substrate were placed onto the substrate holder inside the chamber. The chamber roughing of 1 Pa (base vacuum) by rotary pump and the working vacuum of 4 kPa inside the chamber by diffusion pump was created. Oxygen gas was purged at the flow rate of 70 sccm and working vacuum was maintained with the help of needle valve. Different microwave power of 400 W, 800 W and 1,200 W were applied to generate the oxygen plasma. Each sample was exposed for 15 minutes in this plasma for oxidation process at different microwave power. Oxygen plasma reacts with pure Ag thin films on glass substrate and resulting in the formation of silver oxide (AgO). Oxidation of Ag to AgO is dependent on the annealing temperature. Thus, the microwave power 400 W, 800 W and 1200 W were chosen that generates temperature up to 310°C, 370°C and 430°C respectively to ensure complete oxidation of the films.
Characterisations
The resulting thin film of silver oxide was analysed by different characterisation techniques. Crystallographic structure of pure Ag and AgO thin films were determined by x-ray diffractometer (Ultima IV) using monochromatic Cu Kα radiation, having wavelength of λ = 0.15406 nm. Surface morphology of the thin-films was captured using scanning electron microscopy (JEOL). Raman spectroscopy was done on the samples to analyse the oxidation state of the Ag films using Ar ion laser with a 532 nm excitation source (Thermo scientific DXR, Raman spectrometer). Optical transmittance of the films was recorded using UV-vis spectroscopy (Perkinelmer Lamba 750) in the wavelength range of 300-800 nm.
Results and discussion
Crystallographic structure of AgO films
In Figure 1 shows the XRD patterns for the pure Ag and AgO thin films on glass substrate with different microwave power 400 W, 800 W and 1,200 W respectively. The pure silver thin film with a high intensity x-ray diffraction peak at about 2θ = 38.45 and one weak peak at 64.72 indicating a preferred orientation of the crystallites along the (111) and (220) direction (Brik et al., 2003; Jeon et al., 2003; Meng and Sun, 2009; Ruparelia et al., 2008; Gao et al., 2010 Gao et al., , 2004 . These diffraction peaks (111) and (220) are related to the cubic structure of Ag (ICCD card number: 00-003-0921). It also shows that the grown Ag film on the substrate were of polycrystalline in nature. The average crystalline size was calculated and found to be ~ 8 nm by using Scherrer equation. The oxidisation of pure Ag film into AgO with oxygen plasma at micro wave power of 400 W shows a strong x-ray diffraction peak at 2θ = 32.72 and three weak peaks at 37.13, 55.38, 64.04. The crystallite size at the most intense peak was found to be ~11 nm. These diffraction peaks (200) (111) (202) and (311) are related to the monoclinic structure of AgO (ICCD card number: 01-074-1750). This shows that the pure Ag thin film turned into AgO thin film after oxidation and was polycrystalline in nature (Mirzaeian et al., 2016 ). An increase in the peak intensities were observed upon increase in microwave power. At 800 W microwave power of oxygen plasma the intensity of the reflection peaks of AgO (200) (111) (202) and (311) (202) and (311) shows appreciable enhancement at 33. 05, 38.26, 55.22 and 64.45 respectively and also an enhancement in the pure Ag reflection peak (200) at 2θ = 44.31 (ICCD card number: 00-003-0921) was observed. The average crystallite size at this power was found to be ~ 13.5 nm. 
Surface morphological properties
SEM results are shown in Figure 2 . Presence of a compact and uniform dispersed thin film of Ag is seen for the pure Ag thin film, whereas a drastic change in morphology is observed for AgO thin films at different microwave power. The AgO coating at 400 W microwave power shows a conical shaped structure resembling interconnected type bone structure, a cauliflower shaped structure was observed at 800 W and small well dispersed oval shaped structures were found at 1,200 W. The change in shape and size of the AgO is a result of the increase of microwave power, which is directly related to the annealing temperature at which the structure forms. Therefore, with the increase in temperature, morphology of the particle changes resulting into smaller and uniform dispersion of the AgO.
Raman spectroscopy analysis
The phenomena at nanoscale is relatively opposite as noble metals are chemically inert under ambient conditions which mean they are relatively stable and inactive towards oxidation Pal and Mohan, 2015) . At nanoscale chemically inert metals start interacting and reacting because of the increase in surface to volume ratio and thus oxidises immediately (Cai et al., 1998) . The oxidation at the surface depends mainly on oxidation rate which varies with the temperature. The controlled oxidation affects up to a few nm on the surface of Ag thin film by annealing below 250°C, which is in accordance with optical absorption results (the results will follow after this section).
Raman modes exhibits at 219, 300, 375, 429, 468 and 487 cm -1 in bulk silver oxide (AgO) and silver (I) oxide (Ag 2 O) exhibits a single Raman mode at 490 cm -1 (Luth, 2010) . Raman modes exhibits at 230 and 239 cm -1 of a thin film of 250 nm thickness, synthesised by thermal evaporation followed by annealing at above 350°C (Lv et al., 2007) . Figure 3 represents Raman spectra of AgO thin films at 400 W, 800 W and 1,200 W which is correspond to 310°C, 370°C and 430°C respectively. All peaks correspond to AgO phase formed when the films are oxidised at higher microwave power. As deposited Ag and AgO films exhibit Raman modes at 219 cm -1 , 226 and 230 cm -1 for films at 400 W, 800 W and 1,200 W respectively confirming the formation of AgO phase. Raman mode shifts towards higher wave number at 230 cm -1 is due to the increase in oxidation rate, as a result of high microwave power (Lv et al., 2007) . Raman modes observed at 230 and 234 cm -1 correspond to the stretching modes of Ag and O (Zhao et al., 2013) . Figure 4 shows the UV-Visible spectra of deposited Ag and AgO films over substrate synthesised at different microwave power. The line shape, width and maxima depends on the morphological properties which includes size, shape, distribution, inter-particles distance; particles number density and also the surrounding dielectric matrix (Liz-Marzán, 2006; Gnanavel et al., 2008; Coronado et al., 2011) . As seen in the spectra, pure Ag film starts absorption at 325 nm and then become constant up to 800 nm for which the dipolar resonance is absent due to increase in particle size. This results in the deformation from spheroid shape of particles and increase in surface roughness. Moreover, presence of a shoulder peak at 354 nm (near UV-range) is observed. AgO film synthesised at 400 W has maximum absorbance at 356 nm, while the maximum absorbance for the AgO film synthesised at 800 W shows at 351 nm which is 5 nm blue shift from the AgO film as compared at 400 W. Although a symmetric lines shapes (Gaussian shape) corresponding to AgO film synthesised at 1,200 W shows absorption at 362 nm which is 8 nm redshift. Ag clusters with size of several tenth of nm and large filling factor show optical absorption spectra characterised by typical redshift and broadening of plasmon resonance due to retardation effects and multipole modes of electronic oscillations (Sonnichsen et al., 2002) . The narrowing of peaks is attributed to reduced radiation damping of collective electron oscillation from smaller NPs of size in the range of 20-30 nm (Royer et al., 1987; Thouti et al., 2013) . The broadening and red shift of spectra occurs as a result of increase in light scattering. This can be attributed to the increase in particle volume as the film thickness increases. The radiative damping of collective electron oscillation increases with increase in particle volume which is connected to light scattering by particles. The change in the interaction between the particles and dielectric matrix can also contribute to line width of absorption spectra (Stuart and Hall, 1998) . With the increase in film thickness, the particle size was also found to increase and the charge separation on the nanoparticles also increases, leading to lower frequency of collective oscillation of electrons as indicated by a red shift from 354 to 362 nm approximately (Yu et al., 2005) . The annealing process shows considerable change in spectra in the temperature region from 100 to 250°C.
Optical properties
Conclusions
By exposing silver nanoparticles film to microwaves of varying powers, alterations in the morphology of silver oxide is observed. Thin films of AgO grown on the glass substrate using RF sputtering was measured to be 9 nm thick. Temperature increase resulted in the increase in nanoparticle size is due to the increase in concentration of the particles on the glass substrate, resulting in increased film thickness. XRD confirms the formation of Ag structure while Raman proves the oxidation state of Ag films. The SEM image shows that at 400 W there is formation of silver oxide and leaf like or connected bone like structures of 11 nm in size is at 800 W, formation of cauliflower type of structure is observed and size is found to be about 12 nm. At 1,200 W, oval shaped structures are formed with the increase in the size of the particles, i.e., 13.5 nm. A shift of 8 mm is observed in the UV spectra for the films grown at 1200 W as compared to 400 W.
